Immigrants in the majority of studies (especially Africans) are diagnosed and begin treatment much later than the native populations [4] [5] [6] [7] [8] . This delayed diagnosis is also associated with the male sex, heterosexual transmission, intravenous drug use, and an older age at diagnosis [5] [6] [7] [8] [9] . Although the evolution of HIV infection does not seem to vary by origin, women and subSaharan Africans have been described as vulnerable populations [4, 10] . Delayed diagnosis has a negative impact on individuals (poorer immunological recovery and greater morbimortality) [11, 12] and on the community (increased HIV transmission). In Spain, 47% of the new diagnoses in 2011 were delayed, and 29% of the diagnoses were patients with advanced disease (CD4 counts less than 350 and 200 cells/μl, respectively) [3] .
Few studies have investigated HIV-infected sub-Saharan immigrants in Spain. The objective of our study was to evaluate the influence of immigration (predominantly sub-Saharan in our area) on delayed diagnosis, initiation of antiretroviral therapy, and mortality.
A retrospective analysis was performed with a database collected prospectively at the University Hospital of Fuenlabrada in Madrid. Data collected from January 1, 2004, through May 31, 2013, were analyzed. A total of 219 new HIV diagnoses were included in the analysis.
The following epidemiological variables were collected in each case: age at diagnosis, sex, date of diagnosis, country of origin, and route of HIV transmission. Additionally, laboratory and clinical variables were collected, including the first determination of the CD4 lymphocytes and HIV viral load, hepatitis C virus (HCV) and hepatitis B virus (HBV) serology, HLA B5701, HIV subtype, primary resistance mutations, AIDS-defining disease at diagnosis (in the first 6 months) and cause of death when appropriate.
• Delayed diagnosis: Presence at diagnosis of CD4 lymphocyte counts less than 350 (late presentation) or 200 cells/µl (advanced disease) or an AIDS-defining disease regardless of the CD4 count in accordance with the European consensus [13] .
• Delayed initiation of treatment: Treatment begun with a CD4 count less than 200 cells/µl.
• Loss to follow-up: Absence of analytical performance in the last year.
A descriptive analysis of the variables was performed. Continuous variables were expressed as medians with their corresponding interquartile ranges, and categorical variables were expressed as numbers (absolute frequencies) and percentages (relative frequencies). The variables were compared according to the patient origin and gender. The Mann-Whitney test was used for the quantitative variables, and the Chi-square test and Fisher's exact test were applied as appropriate for the qualitative variables. A bivariate analysis was performed to identify factors associated with a delayed diagnosis and loss to follow-up; subsequently, a multivariate analysis was performed with the relevant variables (p<0.2) and the origin and sex variables. The logistic regression results were provided as odds ratios (ORs) with 95% confidence intervals (CIs). To analyze the loss to follow-up, survival curves (Kaplan-Meier method) were generated according to origin using the log rank test to compare the curves. The statistical analysis of the data was performed using SPSS (version 13.0) with a p value <0.05 considered statistically significant.
Material and Methods

Statistical analysis
During the study period, 124 (57%) of the 219 new diagnoses were immigrants, of which 91 (73.4%) were from sub-Saharan Africa (SSA) ( Table 1 ). The duration of the cohort monitoring was 669 patient-years, with a mean of 3 years of follow-up per patient. The epidemiological characteristics and delayed diagnosis of the study population according to origin and sex are shown in Table 2 . IQR: Interquartile range, IDU: Injection drug user *The most frequent non-B subtypes were the recombinant CRF02_AG (52%) and G subtypes (11%) Table 2 : Epidemiology of patients with a new HIV diagnosis and delayed diagnosis stratified by sex and origin
The proportion of women was higher in the group of sub-Saharan immigrants (59% vs. 21% of the other immigrants and 12% among the Spaniards). Regarding the mode of transmission of the infection, heterosexual relations was the most common risk factor in the sub-Saharans (99%) and the rest of the immigrants (48%), whereas homosexual relations was the most common route in the Spaniards (56%).
Sub-Saharan immigrants
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Hetero: heterosexual relationships; MSM: men who have sex with men *The transmission routes of injected drug users and other risks were not included in the multivariate analysis due to their underrepresentation Table 4 : Multivariate analysis of the variables associated with advanced disease presentation No significant difference was observed in late presentation and advanced disease in the sub-Saharan Africans (63% and 43%, respectively), non-sub-Saharan immigrants (66% and 53%), and Spaniards (59% and 38%). During the first 6 months of diagnosis, tuberculosis was the most predominant AIDS-related disease in the sub-Saharans compared to pneumonia due to Pneumocystis jiroveci in the rest of the patients.
A 
Evolution data during monitoring
The factors associated with a greater risk of late presentation in the multivariate analysis were an older age at diagnosis and heterosexual transmission, whereas diagnosis and screening for pregnancy played protective roles ( Table 3 ). The only factor associated with a greater risk of presenting advanced disease was an older age (Table 4 ). In the multivariate analysis stratified by sex, only among male patients an association was found between late presentation and immigrant origin (OR 2.9; p 0.01). Antiretroviral therapy was initiated in 75% of the patients. Initiation was delayed in 50% of the patients, with no difference between the immigrants (55%) and Spaniards (44%), but was more common among the immigrant men (66% vs. 39% in Spaniards; p = 0.004) and the Spanish women (88% vs. 41% in immigrants; p = 0.01).
Factors related to a delayed diagnosis
Antiretroviral treatment
No difference was observed in the virologic response between the immigrants and the Spaniards, but a trend toward a worse immune response was observed in the immigrants, especially in the sub-Saharans (data not shown). No difference was observed in the treatment response according to HIV subtype. Interruption of treatment tended to be higher in the immigrants than in the Spaniards (57% vs. 46%), especially in the sub-Saharans (65%).
A total of 33% of the new diagnoses were lost to follow-up, including more immigrants (43%), especially sub-Saharans (46%), than
Loss to follow-up (Figure 1 ). The factors associated with a greater risk of loss to follow-up in the multivariate analysis were a younger age at diagnosis and heterosexual transmission (Table 5) .
More than half of the new HIV diagnoses (57%) in our cohort were immigrants, and predominantly from SSA (42%). This figure was much higher than is typically observed in other Spanish areas [14] with some exceptions [15] . Immigrants of sub-Saharan origin represented almost two-thirds of the total immigrants. This was very different from the proportions found in other Spanish cohorts in which Latin American immigrants predominated and was more similar to other European series [4, 5] . As a result, non-B HIV subtypes were much more frequent in our study than in other studies [8, 16, 17] .
Discussions
In the multivariate analysis including only males, however, immigrant origin was associated with lost to follow-up (Table 6 ).
Hetero: heterosexual relationships; MSM: men who have sex with men *The transmission routes of injected drug users and other risks were not included in the multivariate analysis due to their underrepresentation 
Mortality
The median age was 51 years (range 45-55 years). The 5 deaths with CD4 counts <200 cells/μl at diagnosis (4 with CD4 <50 cells/ μl) presented an AIDS-defining disease in the first 6 months. In 6 of the 7 patients, the cause of death was an opportunistic disease.
The sub-Saharan patients were the only group in which women and heterosexual transmission predominated, which has been observed in many studies [4, 10, 14] .
In our series, the immigrant women were diagnosed at a younger age than the Spanish women, which was similar to other series [5] that reported diagnoses at a younger age among immigrants [4, 10] and women [6] .
The high percentage of delayed diagnosis among patients in our cohort was higher than in most studies in Spain [3, 6, 7, [18] [19] [20] . In some cases, this difference can be explained by the definition of delayed diagnosis or differences in the study period. In the European COHERE study, which used the same definition, the delayed diagnosis figures were also lower but were higher in the countries of southern Europe [21] .
The immigrant men and Spanish women subgroups were the most affected by delayed diagnosis in our series. The difference between the studies may be due to the different origins of the immigrants. In the majority of the studies in Spain and Europe, immigrants, especially Africans, are diagnosed later than the autochthonous population [4] [5] [6] [7] 14, 21, 22] . When we analyzed only the sub-Saharan subset, the delayed diagnosis results from Spain were similar to those of our study [3] . In the Swiss cohort [4] , men among the sub-Saharans also presented lower baseline CD4 counts than the women.
Our study has limitations. First, this study is a retrospective study; however, the information bias was small because the study used a database collected prospectively and the majority of the variables were collected as part of routine clinical practice. The findings of the study coincided with the findings described by other authors, which supported its external validity. Because the study was conducted in a single hospital, our data cannot be generalized to other areas where the epidemiological characteristics of the patients vary significantly. With less contact of the sub-Saharan immigrants with the health system, we can assume that we have diagnosed only the more seriously ill patients. Additionally, the frequent losses to follow-up can lead to a worse assessment of monitoring, including mortality. However, the monitoring period in our study was long (covering 9 years) and included a high percentage of sub-Saharan immigrants, which were less frequent in other Spanish cohorts. This phenomenon permitted us to study their characteristics in depth.
Although access to the health system in our country is universal, the precarious situation of many immigrants and the linguistic and cultural differences hinder access. Thus, these populations often do not seek medical care until they feel ill [5] . The subSaharans constitute an especially vulnerable population, with a poor education level, greater lack of knowledge about the health system and stigmatization [23] .
The factors independently associated with a delayed diagnosis in our study were an older age and being a male immigrant with heterosexual transmission, whereas diagnosis and screening for pregnancy was a protective factor. This association has also been found in other studies [6, 7, 14, 19, 21 ] in addition to a lower level of education (a surrogate marker of socioeconomic status) [24, 25] . In a study in London, a sub-Saharan origin was associated with a two-fold higher risk of diagnosis with advanced disease than the natives after adjusting for gender and risk group [5] . Similar to other studies [6, 7] , the association of a delayed diagnosis with age was lower in the women and the immigrants in our cohort, whereas the association with the male sex and heterosexual transmission was higher among the immigrants.
The increase in the delayed diagnosis only among male and not among female immigrants in our study was explained by the high percentage of women diagnosed during screening for pregnancy (30%), all of whom were sub-Saharan, were younger, and had more children than the Spanish subgroup. Compared to homosexual males in which HIV testing is habitual [3] , the lower perception of risk in heterosexual men and women may explain their greater delayed diagnosis. However, HIV screening should have being conducted among the heterosexual male immigrants in our cohort because the majority are sub-Saharans (originating from areas of high prevalence) but they don`t access easily to the health system.
Although some studies have observed a decrease in delayed diagnosis over time [6, 14, 20] , this trend remained stable in other studies, including ours [19, 21] . This decline has only been demonstrated among homosexuals [3, 6, 14] and not among subSaharans [5] , and an increase has been observed among women infected through heterosexual transmission in the countries of southern Europe [21] .
The initiation of treatment was delayed more often in the immigrant men and Spanish women in our study; these subgroups coincided with a greater diagnosis delay. In a Spanish study [26] , delayed initiation of treatment was associated with an older age, being male, and lower education level and socioeconomic status. The tendency toward a worse immunological response among our sub-Saharan immigrants has been observed in other studies.
In our cohort, one-third of the new diagnoses were lost to follow-up. This figure was higher than that of other series, perhaps due to the inclusion of patients with a single visit. Similar to other studies [10] , immigrants had a higher proportion of lost to followup compared to Spaniards. In the adjusted analysis this factor did not remain significant, and only a younger age at diagnosis and the heterosexual transmission route were factors associated with loss to follow-up. This trend was also observed in other cohorts together with the consumption of intravenous drugs, a low education level, and a higher CD4 count at diagnosis [27, 28] . Most of SSA immigrants had adquired the HIV infection by heterosexual transmission, and in our study being male immigrant was associated with lost to follow-up.
Late presentation is associated with an increased incidence of AIDS and death, especially in southern European countries [21] . Similar to other cohorts, the AIDS-defining disease most common among our sub-Saharan patients was tuberculosis [4, 22] . The leading cause of death in our study was opportunistic diseases, which contrasted with other current studies in which patients died primarily due to non-AIDS events [29] . Death was more frequent among Spaniard patients, perhaps because of frequent losses to follow-up of immigrants.
Conclusions
Delayed diagnosis was very frequent in our cohort with large numbers of sub-Saharan immigrants, especially among the subSaharan immigrant men and Spanish women; both groups had older ages and heterosexual transmission. The loss to follow-up was higher among the sub-Saharan immigrants. In view of these data, we believe that the current screening of HIV infection [30] is not sufficient to achieve control of the epidemic. Prevention campaigns are necessary and should be oriented at increasing the perception of risk in the general population (heterosexual transmission) and among the sub-Saharans [23] .
